Explanations of category coherence include that categories reflect feature correlations in the world, that the human conceptual system is designed to create systematic categories, and that people have theories about the world that bind together seemingly unrelated features. The authors have suggested that the need to establish reference in communication also influences category coherence. This proposal was tested in 2 studies involving a referential communication task. In these studies, consistency was promoted between individuals by communication, which synchronized the category structures of different people. Further, people were focused on the commonalities of objects and on the differences related to the commonalities by communication--a pattern that is compatible with what has been observed in existing categories. These results suggest that categorization research must incorporate communication tasks into the canon of methodologies used to study category structure.
can be processed in much the same way as taxonomic categories, even though they are likely to be derived only when needed (Barsalou, 1983) .
What are the possible sources of this observed category structure? Two prominent proposals for the source of category coherence are the feature structure of the environment and the constraints imposed by the cognitive system (see Malt, 1995 , for a review of these positions). On the feature structure view, categories reflect existing clusters of features in the environment. According to the constraint view, category structures arise because the cognitive system is predisposed to create categories with a particular structure. In addition to these two views, a third prominent position is that people's theories about the world provide coherence to their category structures (Murphy & Medin, 1985) . On this view, the specific manifestations of properties in objects and events in the world are understood in terms of causal relations that explain these clusters of properties.
In this article, we focus on a fourth component of category coherence--the need to communicate--which has received less attention than the other three positions in current psychological research. Psychologists have long recognized that categories are acquired through social interaction (e.g., Rogoff, 1990; Vygotsky, 1986) and that the need to share concepts can influence the structure of our knowledge (Freyd, 1983) . However, most recent research on category acquisition has focused primarily on the way individuals process new information and organize it into categories. The specific influence of communication on category acquisition has not been explored.
In order to highlight the connection between referential communication and category acquisition, we first discuss findings in the referential communication literature that seem relevant to category acquisition. From this work, we develop three predictions about the way people talk about and classify items in a task that involves communication about novel objects. Finally, we present two studies that examine these predictions. Our objective is to demonstrate not only that referential communication is an important function of categories, but also that it has a strong influence on what is learned about categories. In so doing, we hope to motivate the inclusion of referential communication tasks in the array of experimental methodologies used to study category acquisition.
Referential Communication
Referential communication research examines the strategies that small groups of people (typically dyads) employ to establish reference to objects and events in a communicative setting (e.g., see Clark, 1992 Clark, , 1996 Krauss & Fussell, 1996) . It is the ability to use language to coordinate joint reference that makes it a powerful communicative tool. This work is concerned with the way language is used in social interaction to mediate the joint actions of establishing common ground, maintaining reference to a common set of objects, and communicating information. Therefore, this research focuses explicitly on communicative and pragmatic aspects of language.
In a typical referential communication study, 2 people are seated so that they cannot see each other. The pair is then given a simple task, like ordering objects on a grid. Participants must establish reference to the items using language because they cannot see each other or the other person's grid. The task may be repeated with new objects, with the same objects, or with different pairings of participants to examine the development and coordination of reference strategies.
Although research on referential communication has not specifically focused on the acquisition of new categories, there are three findings from this work that are directly relevant to the study of category acquisition. First, dyads become more efficient at establishing reference to a particular object over repeated trials with that object (Clark & Wilkes-Gibbs, 1986; Krauss & Weinheimer, 1964) . The typical finding of these studies is that the length of the referring expression used to describe an object decreases over trials with that object. For example, a novel shape might first be referred to as that thing that looks like a skyscraper with a pizza balanced on top. On a later trial, it might be called the pizza and skyscraper thing and later still just the pizza skyscraper. Thus, over time, the label used to refer to an object progresses from a description to an established name (Brennan & Clark, 1996) From the perspective of category acquisition, an established name can be thought of as a category label, particularly if it is generalized to other similar objects.
A second important aspect of communication is that it promotes consistency of reference among people who communicate. Not only do people divide up the world in a coherent way, but they also tend to organize the world in a manner that is consistent with the organization developed by other members of their social group. Important evidence that bears on this point was collected by Garrod and his colleagues (Garrod & Anderson, 1987; Garrod & Doherty, 1994) . In their task, pairs of participants played a maze game in which they needed to coordinate their activities to achieve a goal. Along the way, they needed to establish reference to locations in the maze. Locations could be described in many different ways, including global coordinates and paths through the maze. Early in the task, a given dyad may have used many different strategies, but by the end of a series of games, each dyad tended to settle on a single strategy, although this final strategy varied across dyads (Garrod & Anderson, 1987) . Further, if a group of people played the game with different partners in different sessions, all members of the group eventually settled on the same strategy for referring to locations in the maze (Garrod & Doherty, 1994) . Even people in the group who never communicated directly with each other eventually had the same strategy for establishing reference, simply because they communicated with other members of the group. This finding implies that categories may become standardized among members of a common linguistic group because of the need to communicate with many different individuals.
A third aspect of communication that is relevant for category acquisition involves the types of similarity relationships that are important for establishing reference. Because people must be able to refer both to familiar objects and to new objects that have not been previously encountered, it is not possible to give different labels to every object in the world. Instead, there is a premium on strategies that permit labels used for old objects to be extended to new ones. Typically, labels are extended on the basis of some kind of similarity, such as perceptual similarity, functional similarity, or both (Landau, Smith, & Jones, 1988 , 1992 ; E. M. Markman, 1989) . Thus, when constructing a referring expression for a new object, people must consider the commonalities of the new object and familiar objects. After finding an appropriate label for the object, however, people must also consider the differences among the new object and previous objects that were given the same label. In this way, the referring expression can be tuned to isolate the object that is the desired referent. In environments that contain many similar objects, much work must be done to find modifications of the category label that enable the identification of the correct object.
This simultaneous attention to commonalities and differences of similar items is consistent with studies of similarity in existing categories (Gentner & Markman, 1994 , 1997 A. B. Markman & Gentuer, 1993; A. B. Markman & Wisniewski, 1997) . According to this work, an important aspect of cognitive representations is the presence of relations that bind features together. These relations encode information such as spatial and causal relationships among parts, functional and causal aspects of objects, and temporal relations between events. Comparisons of categories with similar relational structures yield many commonalities of items, as well as many alignable differences. Alignable differences are differences that are directly related to the commonalities. For example, when comparing a car and a motorcycle, the fact that both have wheels is a commonality. The fact that a car has four wheels and a motorcycle has two wheels is an alignable difference. Alignable differences can be contrasted with nonalignable differences, which are elements of one representation that have no correspondence at all in the other. For example, the fact that a car has seatbelts anti a motorcycle does not is a nonalignable difference. A key fact to be explained is why people's categories have a structure that focuses comparisons on commonalities and alignable differences rather than on nonalignable differences. This structure does not fall out naturally in studies of classification, in which participants often use a strategy of finding simple rules and storing exceptions separately (Nosofsky, Palmeri, & McKinley, 1994) . The information needs of referential communication in typical settings may be one force that promotes this type of category structure.
To summarize, current research on referential communication suggests that people conventionalize their referring expressions over time. These labels may come to pick out classes of objects in the world, which, if used frequently enough, may become stable categories. In this way, ad hoc categories become conventional ones. Further, communities of speakers will develop the same category structures, because they have to coordinate their referring expressions with other members of their linguistic community. Finally, in typical contexts, where there are many similar objects present, people are likely to use the same label for many different objects, modifying that label to establish reference to each unique object within the set of possible objects. This strategy is consistent with the observation that comparisons of natural categories tend to focus on commonalities of objects and on the differences related to those commonalities. ~
Extending Referential Communication to Category Acquisition
In this article, we adopt a referential communication paradigm to examine the implications of referential communication for category acquisition. In these studies, participants built LEGO models collaboratively. 2 LEGO sets are building toys consisting of plastic pieces that come in a variety of shapes, colors, and sizes. The pieces lock together by means of studs that fit into the bases of other pieces. LEGO models are available in sets that contain the pieces necessary to construct a particular model, along with pictorial instructions that demonstrate how the model should be built. A sample page from the instructions to a LEGO model is shown in Figure 1 . Building sets like this have been used in similar tasks by Baggett and Ehrenfeucht (1988) .
In Experiment 1, each participant was randomly paired with someone of the same gender. At the start of the session, the participants were asked to give names to the pieces in a LEGO set. They were told that they would need these names to build a model. In the naming task, the participants were asked to work together to name each of the pieces. The naming task was used to allow people to develop preliminary names for the pieces to be used in the building task. The pieces were part of two different models, a car and a spaceship, but the participants were unaware of this during the naming task. Naming tasks are not typically given in studies of referential communication, but the model building task differed from the standard task in that people were given a large number of new objects all at once. Because we thought this task would be overwhelming without any opportunity to organize the pieces, we included the naming task prior to the building task.
After naming the pieces to their satisfaction, dyads were asked to build a model. For the building task, one participant was randomly selected to be the director, and the other was assigned to be the model builder. The director was given the pictorial instructions to build either the car or the spaceship. Half of the participants built the car, and half built the spaceship. The pieces for both models were placed on a table, and the model builder sat at the table. The director sat diagonally behind the model builder, so that the director could see what the model builder was doing, but the model builder could not see the pictorial instructions. The director was told not to touch, point to, or describe the location of any of the LEGO pieces on the table. One aspect of the building task also differed from the standard referential communication setup. In most previous studies, the members of the dyad were separated and could not see each other. In the present studies, it was possible for the model builder and director to see each other, because the model building task would be too difficult if the members of the dyad were visually separated. In particular, if the model builder made an error, that error could go undetected for an indefinite period of time if the director could not constantly monitor the construction of the model. Such errors could easily derail the construction process.
After the naming and building tasks, each participant was taken individually to another room for a sorting task. Each participant was given one token of each type of piece from the two models and was asked to sort the pieces into groups. Sorting tasks are often used in studies examining people's conceptual structures (Ahn & Medin, 1992; Lassaline & Murphy, 1996; Vygotsky, 1986; Wattenmaker, 1995) . This task was included in the present experiments to allow us to investigate the kind of information incorporated into people's categories of pieces and to address the issue of consistency in the groupings formed by different people. In Experiment 1, sorting data were also obtained from two other groups of people. One group came to the lab and sorted the pieces without building a model or communicating. A second group built one of the models without communicating and then sorted the pieces. The latter group was important for separating the influence of communication from the influence of building a model. Experiment 2 extended this methodology by having participants build a sequence of three models over two sessions. In the first session, each dyad was given the pieces to build two models. After naming the pieces, they built one 1 Another important influence of communication on category acquisition is the need for referring expressions at different levels of abstraction. For example, in some contexts we may want to refer to an object as a chair, but in other situations we may want to call it furniture (Brown, 1958; Murphy & Wisniewski, 1989 ) Although this issue is important, it was not addressed by these studies. Future research should focus on this issue.
2 LEGO is a trademark of the LEGO Group (Enfield, Connecticut) and is used here with special permission. of the models. The pair returned several days later and was given the original set of pieces, along with the pieces needed to build a third model. In this session, the pair built a second model, on the basis of the pieces named in the first session. Then, they built a third model, which had some pieces that were similar to the ones in the first two models and some that were dissimilar. Thus, the pair's performance with the third model can be examined to see whether labels used to build the first two models could be extended to the new pieces.
These two studies allow us to extend research on referential communication to the study of category acquisition to address three central questions. First, there is the question of whether communication promotes consistency in categorization between individuals. The referential communication research described above suggests that a community of speakers will develop a common system of reference, and may also develop a common conceptual system. In Experiment 1, we examine the way people sort the LEGO pieces to see whether participation in the communication task leads to greater consistency in sorting than does participation in a task that only involves building a model.
Second, Experiments 1 and 2 allow us to address the relationship between communication and the commonalities and differences of objects. In the present studies, there are many similar objects. The labels that people develop in this context can be examined to see whether the same label is applied to more than one object. The analysis of labeling strategies presented above suggests that people will use the same name for many objects, and that they will selectively modify those labels that apply to many objects in order to establish reference to unique individuals. This pattern of data would be consistent with studies of comparisons of existing categories, which indicate that people focus on the commonalities and differences of similar objects.
The third key question involves the extension of labels to new objects. Previous research suggests that initial referring expressions proposed by one member of a dyad are tentative proposals. These proposals must be ratified by the other member of a dyad, at which time they become part of the discourse record and can be used for subsequent reference to that object (Brennan & Clark, 1996; Clark & Wilkes-Gibbs, 1986; Krauss & Weinheimer, 1964) . These conceptual pacts need not be limited to the specific object identified by the initial referring expression, but rather can be extended to other similar objects. The use of the same label to refer to more than one object constitutes a categorization of that piece, and the extension of a label to a novel object is akin to the generalization observed in most studies of categorization. In Experiment 2, the building of the final model permits us to examine how people extend previously established referring expressions to new objects, because the model is not presented until the second experimental session.
Finally, we emphasize that the data from both the communication task and the sorting task are critical for identifying potential constraints on models of category acquisition. The sorting task is used in the present studies, because it maps most directly onto methods used in previous studies of categorization. However, models of categorization must ultimately capture people's behavior both in tasks that focus primarily on classification, like sorting, as well as in tasks that tap communication and other key functions of categories, such as predictive inference (Lassaline & Murphy, 1996; Yamauchi & Markman, 1995 , 1997 , and problem solving (Ross, 1996 (Ross, , 1997 .
Experiment 1

Method Participants
Participants in this study were 60 members of the Columbia University community. The 24 people (12 dyads) who took part in the communication task were paid $8.00 for their time. Six of the dyads consisted of two male participants, and six consisted of two female participants. Members of each dyad were screened to ensure that they were native speakers of English and that they did not know each other prior to the experiment. The 24 people who took part in the building (without communicating) and sorting task were paid $5.00, and the 12 people who only took part in the sorting task were paid $3. Eleven additional people participated in the building and sorting task, but their data were eliminated because of experimenter error.
Materials
The materials consisted of the LEGO pieces from two models, a spaceship and a car. The set of pieces used in the naming and building tasks consisted of 52 unique LEGO pieces, and participants were given all of the pieces necessary to build both models. Each model was prepackaged with pictorial instructions describing how to build it. One page of the instructions is shown in Figure 1 . The instructions contained no words, just a sequence of pictures that could be used to construct the model. The instructions were mounted on cardboard. A second set of pieces was put aside for the sorting task. This set consisted of one token of each of the LEGO pieces that appeared in the two models, but one piece, a head, was attached to another piece, a torso. Thus, there were 51 unique LEGO pieces used in the sorting task.
Procedure
Participants were brought to the lab. For the naming task, both participants were seated at a small table, and the pieces for the two LEGO models were scattered on the table. The participants were asked to give names to all of the pieces, with the knowledge that they would later use these names and pieces to build a model. No further instructions were given about how the naming task should be done, and dyads were free to select any scheme for naming the pieces that they desired.
After the dyad named the pieces, one participant was randomly selected to be the director, and the other was selected to be the model builder. The director was moved away from the table and was given the instructions for building one of the models. Only the director saw the diagram for the model; the model builder did not know the nature of the model. Half of the pairs were given the instructions for the car, and half were given the instructions for the spaceship. The building task continued until the model was completed, or until an impasse in the construction of the model was reached. The naming and building tasks were recorded on videotape. The video focused only on the table containing the pieces and was used to facilitate the matching of referring expressions to individual LEGO pieces.
Following the model building phase of the study, the participants were called into a different room individually and were given a sorting task. The sorting task was administered in three parts. Participants were given 51 unique pieces that appeared in the models and were fast asked to sort the pieces into groups that went together. No minimum or maximum number of groups was suggested. The pieces from each grouping were placed into cups) Two other groups of participants were run. One group was brought to the lab individually. Each participant was given the set of LEGO pieces and the instructions to one of the models and was asked to build that model. Half of the participants in this task built the car, and half built the spaceship. After building the model, these participants sorted the pieces. The second group of participants was brought to the lab and was asked to sort the pieces without building either of the models.
Results
In the results section, we begin by examining the sorting data to describe the content of people's sorts and the withinand between-dyad consistency of the sorts. After analyzing the sorting data, we examine the data from the naming task. In this analysis, we focus on the hypothesis that referring expressions contain information about commonalities and differences among similar objects. Finally, we briefly discuss data from the building task that go beyond those analyzed for the sorting and naming tasks.
Sorting Data
The sorting data were examined in two ways. First, they were analyzed with multidimensional scaling (MDS) to assess the content of the sorts in the three groups (those who communicated and built, those who just built, and those who neither communicated nor built). This analysis provides insight into the information that people thought was important for grouping objects in this domain. Second, the sorts of different individuals were compared to each other in order to assess their consistency both within and between experimental groups. This analysis allows us to assess whether communication promotes consistency in conceptual grouping.
Measures of content.
The analyses in this section examine the information that participants used to sort the LEGO pieces. Each sort was converted into a 51 × 51 element lower diagonal matrix. The rows and columns of the matrix corresponded to the 51 pieces in the sorting set. A 1 was placed in a cell of the matrix when the pair of pieces corresponding to that row and column were sorted together. Otherwise, a 0 was placed in the cell. The content of the sorts was examined by adding together the sorting matrices of the 24 participants in the building task. This matrix was analyzed both with a hierarchical cluster analysis and with multidimensional scaling. Because these analyses revealed the same pattern of results, we only describe the multidimensional scaling analysis.
For the people who participated in the communication task, a three-dimensional MDS solution provided a good description of the data. This MDS analysis used Euclidean distance, and the dimensions were fit to account for maximum variance. The three-dimensional solution was chosen, because a plot of stress of the final configuration against number of dimensions showed an elbow at three dimensions. The stress of the three-dimensional configuration was .108, with an R 2 of .91. The coordinates for the solution are presented in Appendix A. Similar MDS analyses were done for the other two experimental groups. For the people who built the LEGO model without communicating, the three-3 Two additional sorts were done on the basis of this initial set of groupings. Participants were allowed to take the initial groupings and further group them into higher level (superordinate) groups. In addition, participants were allowed to subdivide each of their initial groups into lower level (subordinate) groups. The order in which the superordinate and subordinate grouping tasks were given was counterbalanced between subjects. In the present studies, only the data from the initial sorts were analyzed. dimensional configuration had a stress of. 105, with an R 2 of .92. Finally, for the people who neither built nor communicated, the three-dimensional configuration had a stress of .083, with an R 2 of .95. The three sorts all appear to have uncovered the same general structure. A factor analysis of the dimension values of the three sorts yielded three prominent factors that accounted for 91% of the variance in dimension values. One factor from this analysis loaded highly primarily on the first dimension of all three MDS analyses. A second factor loaded highly primarily on the second dimension, and a third loaded highly primarily on the third dimension of the three analyses.
In order to interpret the dimensions arising from these analyses, the 51 pieces in the set were rated by one of the authors along nine dimensions on a 1-5 scale. Six of these scales referred to the color of the pieces, where pieces of a given color (e.g., green) were given a 1 on the scale, and all other pieces were given a 5 on the scale. One dimension referred to the size of the pieces, with small pieces getting low ratings and large pieces getting high ratings. One of the dimensions (body parts) gave a 1 to any piece associated with the bodies of the LEGO figures who drove the spaceship and car and a 5 to all other pieces. The final dimension referred to the degree to which the piece resembled a regular X × X rectangular array. Pieces with an X × X structure (e.g., 2 × 4 pieces and 1 × 2 pieces) were given a 1. Pieces with irregular shapes were given a 5. Pieces with an X × X structure with an appendage of some sort were given ratings intermediate between 1 and 5 depending on the salience of the appended part relative to the central rectangle. These ratings are also shown in Appendix A.
A second factor analysis was performed that included the dimension values from the three MDS analyses as well as the piece ratings. Three primary factors emerged from this analysis. The first factor (which accounted for 26% of the variance) loaded most heavily on the first dimensions from the MDS analyses. Considering only factor loadings greater than ___0.50, there were strong negative loadings for regular rectangular pieces and for green pieces (most of which tended to be regular rectangles), and positive loadings for body parts and translucent pieces (most of which had irregular shapes). Thus, the first factor seems to distinguish between pieces of regular shape and those of irregular shape. The second factor, (which accounted for 22% of the variance) loaded most heavily on the third dimensions of the MDS analyses. This factor had a strong negative loading for black pieces and a strong positive loading for white pieces. Finally, the third factor (which accounted for 22% of the variance) loaded primarily on the second dimensions of the MDS analyses. This factor had a strong negative loading for gray pieces, and a strong positive loading for red pieces. These last two factors are primarily focused on the color of the pieces. Size did not load heavily on any of these three factors. None of the remaining factors loaded heavily on any of the dimensions from the MDS analyses.
To summarize, people's sorting data in all three conditions reflected primarily the shape and color of the pieces. Size was not an important determinant of sorting in this task. The sorting data of people who did not participate in either the building or naming tasks were similar to those of people who participated in the communication task. This result suggests that the information used by people in the building and naming task is not something that only becomes salient in a communicative context, but rather is information about LEGO pieces that is generally available.
Measures of consistency.
The MDS analysis can tell us about the information used by participants while soI~ng, but it cannot tell us anything about whether the sorts produced by one person were like the sorts produced by other people both within and across dyads. To address this issue, pairs of lower diagonal matrices were compared. These comparisons examined only cells in the sorting matrix for which at least one of the participants had sorted the objects for that row and column together. We calculated the proportion of these entries that matched for each pair that we examined. That is, the number of cells that had a 1 in them for both participants' sorting matrices was divided by the total number of cells that had a 1 in them for at least one of the participants' sorting matrices. On average, the proportion of agreement using this measure was 0.34 for the dyads in the communication task. Two comparisons were made to place this value in context. First, each model builder was randomly paired with a director who built the same model. The mean proportion of agreement for these re-paired participants was 0.30, and an independent samples t test of these two groups was not significant, t(22) = 0.54, p > .10 (one-tailed). Next, each model builder was randomly paired with a director who built a different model. That is, model builders who built the car were paired with directors who built the spaceship and vice versa. For these pairs, the mean proportion of agreement was 0.17, and an independent samples t test of this group to the pairs who communicated and built together was significant, t(22) = 2.66, p < .05 (one-tailed). This analysis suggests that building a common model was sufficient to give a high degree of agreement within pairs. Interestingly, building a different model significantly decreased the similarity of the sorts.
Of course, all participants in the main task both built models and communicated. To separate the impact of communication from the impact of building LEGO models on consistency, we examined the sorting data from participants who only built the models. There are three comparisons of interest. First, the previous analysis suggests that people who build the same model and communicate together are more consistent in their sorting than people who communicate with someone else and build different models. We can then ask whether building the same model makes people more consistent with other people who built the same model, as compared to people who built a different model. To address this question, we randomly paired each sorting matrix of a person who built the car to the sorting matrix of another person who built the car (yielding 6 pairs). Likewise, we randomly paired the sorting matrix of each person who built the spaceship to the sorting matrix of another person who built the spaceship. The proportion of agreement for the sorts of people who built the same model was 0.24. Then, we randomly paired each sorting matrix from a person who built a car to the sorting matrix from a person who built a spaceship. The proportion of agreement for these people who built different models was 0.26. Thus, simply building the same model does not increase the consistency of the sorts of different people.
Second, we can ask whether the sorting matrices of people who communicate together are more likely to agree than the sorting matrices of people who build the same model but do not communicate. On average, the proportion of agreement was higher for people who communicated together and built the same model (M = 0.34) than for pairs of people who participated in the building task only and built the same model (M = 0.24), but this difference was only marginally significant, t(22) = 1.53, p = .07 (one-tailed).
Finally, we can ask whether the sorting data from people who only built the models without communicating are like those of people who built while participating in the communication task. To this end, each of the 24 sorting matrices from people who participated only in the building task was randomly paired with a sorting matrix from a person who participated in the communication task and who had built the same model. The mean proportion of agreement from this analysis (M = 0.22) was significantly lower than that obtained for pairs of people who communicated together in the building task (M = 0.34), t(23) = 2.13, p < .05 (one-tailed), Taken together, these three analyses suggest that the communication task promotes sorting consistency between individuals above the consistency observed in people who only built the LEGO models.
Naming Task Data
The dyads had little difficulty establishing names for the pieces. Each dyad coordinated their conversation to allow them to settle on a set of labels in the naming task, although the dyads differed in their communicative styles. Some dyads had one member who took charge, whereas others reached labels through a more cooperative process (Garrod & Doherty, 1994) . All pairs settled on a naming scheme in which pieces were described by a phrase constructed around a noun (which we will refer to as the base label) and a set of modifiers. For example, a participant might refer to a piece as a black two-prong tile with a pole. The noun tile would be the base label in this expression. There are two dimensional modifiers (black and two-prong) and one phrasal modifier (with a pole) in this referring expression.
In order to provide evidence that communication involved attention to both the commonalities and differences of similar items, we need to demonstrate two points. First, we have to show that the same base label is applied to many different objects. If so, then people are attending to the commonalities among objects that share a base label. Second, we must show that modifiers are applied selectively to base labels that refer to many pieces. This pattern of data would suggest that the differences that are most important are those that distinguish among sets of similar objects. We begin with an analysis of the base labels and then move to an examination of the modifiers.
Base labels. The main prediction for base labels was that they would be shared by similar pieces. To demonstrate that base labels were generally used to refer to more than one object, the mean number of pieces referred to by each label was counted. On average, each base label referred to 1.80 pieces, a value significantly larger than 1, t(ll) = 9.54, SE = 0.08, p < .001.
A more specific prediction was that the same base label would be shared by similar pieces, and that different base labels would be given to dissimilar pieces. To examine this hypothesis, we identified two clusters of pieces that were similar in their overall shape. One of these clusters had 11 pieces in it, and the other had 3 pieces in it. We expected that the pieces in these clusters would share a common base label, or perhaps a small set of base labels. For the purpose of comparison, two clusters of dissimilar pieces were identified on the basis of their overall shape. To match the size of the clusters of similar pieces, one cluster had 11 dissimilar pieces, and the other had 3 dissimilar pieces. The pieces in these clusters were not expected to share a common base label. For this analysis, we determined the ratio of the number of distinct labels used for the pieces to the total number of pieces in the set. If a distinct label was used for every piece in the set, then the ratio would be 1. If only a single label was used for all the pieces in the set, then the ratio would be l/N, where N is the size of the set. Therefore, we expected a lower ratio for the clusters of similar pieces than for the clusters of dissimilar pieces. For the larger clusters, the cluster of similar pieces had a significantly lower mean ratio of names to pieces across dyads (M = 0.28) than did the cluster of dissimilar pieces (M = 0.99), t(22) = 21.40, p < .001. Similarly, for the smaller clusters, the cluster of similar pieces had a lower mean ratio of names to pieces across dyads (M = 0.67) than did the cluster of dissimilar pieces (M = 1.00). The ratio for smaller pieces was significantly less than 1, t(ll) = 5.72, SE = 0.058, p < .001. Thus, participants were generally using a small number of base labels to refer to the pieces in the clusters of similar pieces, but they were using distinct labels to refer to each of the pieces in the clusters of dissimilar pieces.
Next, we did a comprehensive analysis of the content of the base labels. This analysis was done in order to determine what kinds of information people incorporated into their base labels, and also to see whether base labels differed in the number of pieces to which they were applied. There were 52 different LEGO pieces in total, but not all dyads named all of the pieces during this task. Table 1 shows the total number of different pieces whose base labels could be described by one of six exhaustive content categories:
shape, metaphoric extension to shape, function, size, generic, and other. Shape and metaphoric extension to shape are base labels that refer to the shape of the object. Shape labels use terms that generally refer only to shape (like square or rectangle), whereas metaphoric extension labels refer to objects whose shape resembles the piece being named (like bench or crutch). Some pieces that had potentially straightforward shape labels were still given base labels that were metaphoric extensions. For example, two dyads referred to small rectangular LEGO pieces that had two studs on the top as stoplights, because of their resemblance to traffic signals. On average, base labels that referred to shape (either directly or metaphorically) were the most common type of base label. The use of shape as a dominant means of categorizing pieces is consistent with studies demonstrating that shape is important in children's early word learning (Landau et al., 1988 (Landau et al., , 1992 . A second common type of base label referred to the pieces by their function. Function refers to the perceived function that the piece would play in the model. For example, a piece that was shaped like the bottom half of a rocket ship was called a rocket by 10/12 dyads. As another example, an oddly shaped piece that functioned as the hood of the car was labeled by shape (e.g., a prism) by 6 of the dyads and was referred to by function (e.g., a hood) by the remaining 6 dyads, who correctly recognized its eventual function.
Both shape and function are helpful ways to classify the pieces, given the constraints of the LEGO building task that had to be carded out. The two most difficult parts of the building task were finding the correct piece and attaching that piece properly to the current assembly. Finding the correct piece requires establishing reference to a specific piece and then locating that piece on the table. Locating the piece on the table requires perceptual information, and it is likely that shape would be a salient aspect of that perceptual information. Function is also important, because it suggests how a piece would be used in the assembly. A label that reflects both shape and function is doubly useful, because it provides information that facilitates both tasks. Consistent with this analysis, it was not possible to separate shape and function for many of the function base labels. For example, the piece called a rocket that was discussed in the previous paragraph both looked like a rocket and also functioned as a rocket in the model. Accordingly, only labels that correctly identified the role of the piece in the model were considered function labels; otherwise, they were classified as metaphoric extension to shape labels.
As shown in Table 1 , 2 dyads referred to many pieces by size rather than by shape or function. These size labels seem to reflect a combination of shape and size in a single label. These dyads used size labels only for pieces with a 1 × X (e.g., 1 X 2) arrangement of studs on the top, where X was the base label. Although many pairs called these pieces tiles, bars, or rectangles, these 2 dyads referred to the pieces with a number (e.g., a red four to refer to a red 1 x 4 brick). This label is a clear reference to the size of the piece, but the fact that this style of label was only used for 1 X X bricks suggests that this base label also incorporated shape.
The only other frequently used base label category was generic labels. Generic labels are highly abstract labels like piece or LEGO that could potentially be applied to any item in the set. Obviously, any piece given a generic label required extensive use of modifiers in order to allow reference to the unique individual.
In order to demonstrate that people used modifiers selectively for those kinds of base labels that refer to the most pieces, we must first demonstrate that the types of base labels used in this study differed in their scope of application. To this end, Table 2 shows the mean number of different pieces referred to by each label within the five primary types of base labels. Overall, the shape labels referred to more pieces on average (M = 2.83) than either the metaphoric extensions (M = 1.59) or the function labels (M = 1.45). A one-way ANOVA on the data from these three most frequently used types of base labels revealed reliable differences between these groups, F(2, 22) = 9.83, p < .005. Paired t tests demonstrated that the mean number of pieces referred to by shape labels was reliably greater than the mean number of pieces referred to by either the metaphoric extension or function labels, t(ll) = 3.00 and t(ll) = 3.84, respectively, both p < .05 (Bonferroni). This analysis supports the intuition that shape labels (e.g., square) are more abstract than either metaphoric extension (e.g., crutch) or function labels (e.g., rocket), in that each shape label tends to refer to more pieces. Finally, the 7 dyads that used generic labels, which are also abstract, referred to an average of 3.52 pieces with each label.
To summarize, the naming data support the hypothesis that similar pieces would be given the same label and that dissimilar pieces would be given different labels. The base 339 labels given to pieces referred most often to the shape and the function of the pieces, reflecting the two primary constraints on the building task. On average, each shape label referred to more pieces than did either each metaphoric extension or each function base label. Thus, the base labels developed in the naming task focused on commonalities of similar pieces. The next step is to examine the modifiers for evidence of attention to differences among similar pieces, which would enable unique reference to a single piece.
Modifiers.
In the previous section, we demonstrated that communication can focus people on similarities among items by showing that similar items were often given the same base label. In this section, we explore whether communication also focuses people on differences among similar items by determining whether modifiers are used with base labels that refer to many pieces rather than with base labels that refer to few pieces. Following this analysis, we explore the content of the modifiers. Table 2 shows that each shape label refers to more pieces on average than each metaphoric extension or function label. Thus, on average, we would expect more modifiers to be used for each shape base label than for either metaphoric extension or function base labels. Table 3 shows the mean number of modifiers used with each unique base label for the five primary categories of base labels identified in the previous section. 4 Consistent with our prediction, significantly more modifiers were associated with shape base labels (M = 3.49) than with metaphoric extension (M = .90) or function base labels (M = 0.54), F(2, 22) = 10.77, p < .01. Post hoe tests demonstrate that the differences between the mean number of modifiers associated with shape base labels and both metaphoric extension and function base terms are significant, fill) = 2.75, t(ll) = 3.28, respectively, both ps < .05 (Bonferroni). This finding is further corroborated by the fact that the 7 dyads who used generic labels employed an average of 6.83 modifiers for each generic base term. Thus, dyads used more modifiers with the base terms that had the widest scope, suggesting that establishing reference to individual pieces focuses people on the differences that exist among similar pieces.
The modifiers can also be examined both for their syntactic structure and for their content. Structurally, there were 2 types of modifiers: dimensional modifiers and phrasal modifiers. The dimensional modifiers appeared before the base term, as in the green stoplight or the small wheel. In contrast, the phrasal modifiers appeared after the base term, as in a line with hooks on the end.
The dimensional modifiers generally referred to properties that were present across the set of pieces. The most frequently used dimensional modifier was color, which was used an average of 19.83 times by each dyad during the naming task. Next most frequent was size, which was used an average of 13.67 times by each dyad. When size was used as a modifier, a qualitative term (e.g., a small tile) was used in 58% of the utterances, and a quantitative term (e.g., a two stoplight) was used in the other 42% of the utterances. The only other frequently used dimensional modifier was shape, which was used an average of 2.83 times by each dyad in the naming task. Shape was used less frequently as a modifier, because it was often already incorporated into the base label.
The phrasal modifiers generally referred to parts of an object named by a base label. These phrases were often employed when a shape term was used as the base label for multiple pieces, and one piece had a distinctive appendage, as in the stoplight with the thing on the side. There is an intriguing difference between the dimensional and phrasal modifiers. The dimensional modifiers typically refer to properties that exist across the set of objects, so they are referring to alignable differences among objects with the same base label. In contrast, the phrasal modifiers describe properties that are unique to particular objects that are given a specific base label, and hence, they describe nonalignable differences among objects with the same base label. This pattern is evident in the naming task and throughout the data collected in the studies presented here. Unfortunately, phrasal modifiers are also the most natural way to talk about parts of objects. Thus, because most of the distinctive (i.e., nonalignable) aspects of objects were parts, it is possible that this relationship between alignability and type of modifier is an artifact of the nature of this stimulus set. To further qualify this hypothesis, conversational communication is a messy business, with utterances being stopped and started and altered in response to back-channel communication from the listener. Thus, additional research is necessary to examine the relationship between the way a property is used as a modifier and its status as an alignable property.
The Building Task
The structure and content of the piece labels used during the building task were much like that observed in the naming task, so to conserve space, we focus on aspects of the labels that were unique to the building task. All of the groups essentially completed the model they were asked to build, although one group reached an impasse just prior to completing the model, and the building task was terminated by the experimenter. On average, dyads spent about 16 min in the building task. One important feature of the building task was that participants in this study were unaware that we were interested in referential communication, so they were surprised to find out the aim of the study in the postexperiment debriefing. Thus, the data from these studies are not a reflection of conscious strategies on the part of the participants.
In general, the same base labels and modifiers that were developed in the naming task were used in the building task. At times, a piece would be redescribed, particularly if the builder was having trouble finding the correct piece. For example, one director elaborated the reference to a piece that the dyad had been calling a white hinge by saying, "then get the white hinge, the white thing with the three little hinges .... "This redescription was presumably intended to highlight the fact that the hinge part of the piece was an appendage attached to a brick with a regular form.
The status of a base label as a category label is evident from the way some dyads used the terms same and identical.
For example, one dyad had just placed two 1 × 6 red pieces on the model. The next statement made by the director was "you want to put identical white pieces, the white flat [on it]," thus instructing the model builder to add two 1 × 6 white pieces. Later, this director made a similar statement. After a 1 × 2 green piece was placed, the director said "you're going to attach a red two that's identical," thus making reference to a 1 x 2 red piece. Despite the fact that the pieces were not physically identical, the term identical was used, perhaps because the category label was treated as denoting essential properties of the category (Medin & Ortony, 1989) . In contrast, dyads did not use the term identical to refer to similarities in the modifiers to a base label, further supporting the notion that the base label was special.
Although the base labels were special, the base term used to describe a particular piece was sometimes changed in the middle of the building task. This change often occurred when the dyad discovered the function that the piece played in the model being built. Under such circumstances, the switch involved a change from a shape (or metaphoric extension) base term to a function base term. For example, one dyad referred to a 1 X 4 piece that had cylindrical protrusions on each end by using the same base label they had used for the other 1 × X pieces. However, after putting wheels on each end of one of these pieces, one member of the dyad said, "I guess we can call them axles now." To summarize the building task, dyads were able to use the labels developed in the naming task to carry out the building task successfully. Thus, the labels that emphasized the commonalities of similar items, as well as the differences among those items, enabled the participants to establish joint reference to the pieces in the building task. The same labeling strategy that each dyad developed in the naming task was maintained in the building task, although when the model builder had difficulty finding a piece, the director would keep talking, redescribing the piece in ways that might help the model builder find it. Finally, the use of terms such as same and identical in the building task provides some evidence that base labels are given a special status, not unlike the status of category labels observed in other tasks.
Discussion
The results of this study support the hypothesis that successful referential communication increases the consistency of categories between individuals. The sorting data suggest that there is substantial interparticipant variability in the sorting data of people who built the models without communicating. Further, there is a low level of agreement between the sorts of people who only built the models and the sorts of people who built the models collaboratively. In contrast, there is a higher level of agreement between pairs of people who communicated with each other during the building task. This finding is consistent with previous referential communication work which suggests that people who communicate together are able to coordinate their referring expressions over time. These data go beyond the previous results, however, by demonstrating an increase in consistency of sorting, a task traditionally associated with categorization.
The sorting data also allowed us to examine the information that guided the way people grouped the pieces. Just as people's labels reflected the shape and color of the pieces, so too did people's sorting exhibit sensitivity to the shape and color of the pieces: There are two possible explanations for this sensitivity to shape and color. One is that the naming and building tasks made people sensitive to these factors, and the other is that shape and color are generally salient features of these LEGO pieces. The sorting data from the people who did not build or communicate support the latter interpretation, as an MDS analysis of their sorting data reveals the same dimensions as those obtained from the sorting data of people who did participate in the building and naming tasks. An important part of communication is coordination, and it is easier to coordinate communication around salient aspects of the environment than to have to create new salient features solely for the purposes of communication (Clark, 1996; Sperber & Wilson, 1986) . On this view, people incorporated salient aspects of the LEGO pieces into their labels, thus easing the communication task.
The data from the naming and building tasks suggest that communication imposes constraints that focus people on commonalities of items and also on differences related to the commonalities. Specifically, people often used the same base label to refer to pieces with similar shapes, indicating that they were focusing on commonalities of these items. Further, people were more likely to attach modifiers to base labels that were used across many pieces than to base labels that referred to only one piece. Thus, communication also forces people to focus on differences among similar items. This set of constraints is consistent with what is observed in studies of comparison using people's existing categories.
In this study, the most frequently used base labels reflected the shapes of the pieces, and dyads used both standard shape labels, as well as metaphoric extensions of existing concepts, to refer to shape. The other frequently used type of base term was function, which referred to the functions of existing objects, much as the metaphoric extensions referred to the shapes of existing objects. These data highlight the general observation that people tended to extend words for existing concepts in this task. The dyads could have chosen to employ novel word forms to refer to the objects in this task (e.g., "that is a blurgle"), but they did not. Instead, people tried to assimilate the new information into their existing knowledge base. Such a strategy seems to support the referential communication goals in this task, because reliance on shared knowledge facilitates establishing reference, thereby easing the building task.
This study provides initial support for the proposal that categories are structured to facilitate the detection of commonalities and differences of similar items, because this information is useful for communicating about those items. However, in this study, participants were first given the opportunity to see and name all of the pieces before performing the building task. From this study, we cannot say whether these labels were productive. One important facet of human categories is that they enable people to apply their accumulated category knowledge in new situations. For example, after placing a novel object in an existing category, people can draw inferences about it on the basis of their knowledge of that category. This ability requires some process for extending existing categories to accommodate new members. From a discourse perspective, the question is whether the agreements between speakers are taken to be local to the particular items over which they are made, or whether they are taken to refer broadly to those objects, as well as other objects that are similar (Brennan & Clark, 1996) . Experiment 2 investigates the issue of productivity by asking people to build a sequence of LEGO models, rather than just a single model, and then examining whether they can establish reference to new pieces using their existing labels. This second study also provides an opportunity to replicate the basic findings of Experiment 1.
Experiment 2
There were two groups of dyads in Experiment 2. The dyads were again asked to build LEGO models, but instead of building a single model, they built a sequence of three models. Both groups built the same final model (the car from Experiment 1), but the groups differed in the first two models that they built. One group of dyads built two vehicles (a dune buggy and an airplane), followed by the car. The second group of dyads built two spaceships, and then the car. Figure 2 shows the models built by both sets of dyads. The initial two models differed in the similarity of their pieces to the final model. The two vehicles generally had more similar pieces to the car than did the spaceships.
This experiment required two 1-hr experimental sessions. In the first session, the dyads were provided with the pieces to the first two models in their set. After naming the pieces, they built the first model. This session was similar in structure to the session in Experiment 1, but without the sorting task. Several days later, the dyad returned to the lab for the second session. At this time, the dyad was given the pieces from the first two models, as well as the pieces to the car model. First, the dyad built the second model from the first session. Then, without a new naming task, the dyad built the car, which contained some pieces that had not been named in the first session. In order to build the car successfully, the dyad had to communicate about the pieces of the new model and to establish reference to the new pieces. Finally, after completing the third model, each member of the dyad was asked individually to sort the pieces from the third model.
The goals of Experiment 2 are to examine the productivity of the labels developed during the naming task and to replicate the basic findings of Experiment 1. First, we would like to replicate the finding that people who communicate about the same models are more consistent in the way they sort than are people who communicate about different models. To this end, all participants will sort the pieces from the third model (the car). Thus, all participants will have constructed the model containing the pieces they are sorting. If there are any consistent differences between individuals in the sorting data, these differences must be a function of communication and building prior to the construction of the car. This study will also provide another opportunity to see whether people's referring expressions focus on commonalities and differences of similar items. To this end, we examine both the mean number of pieces referred to by each unique base label and the total number of pieces referred to by each type of base label. Then we determine whether more modifiers were used in conjunction with base labels that referred to many pieces than in conjunction with base labels that referred to few pieces. Finally, we use the data from the building task to determine whether the labels established during the naming task are extended to refer to the new pieces in the second session. In particular, we examine whether it was easier for dyads to establish reference to pieces of the third model that are similar to pieces that appeared in the first set of models than it was to establish reference to novel pieces. This pattern of data would suggest that the existing labels are being extended productively to allow reference to new items.
M e~o d Participants
Participants in this experiment were 40 members of the Columbia University community. Half of the participants were men, and half were women. They were arbitrarily assigned to same-sex dyads (20 dyads in all, 10 per condition). Members of each dyad were screened to ensure that they were native speakers of English and that they did not know each other prior to the experiment. One additional dyad was dropped from the experiment after the first session, because its naming strategy relied on the precise location of pieces in a matrix on the table, a strategy that precluded establishing reference to any pieces in the subsequent session. The data from this dyad were excluded from all analyses. Participants were paid $16-$5 for each session and a $6 bonus for completing both sessions.
Materials
As in Experiment 1, the materials for this study were LEGO models, along with the pictorial instructions that describe how to construct the models. The instructions for all models used in this study were mounted on cardboard. Two stimulus sets were developed, each consisting of three models. One stimulus set (the vehicles set) consisted of three vehicles, a dune buggy, an airplane, and the car from Experiment 1. The second stimulus set (the spaceships set) consisted of two spaceships and the same car from Experiment 1. Figure 2 shows the models used in this task. Finally, one set of the 30 distinct types of pieces from the car was put aside for the sorting task.
Procedure
This experiment took place over two 1-hr experimental sessions. The first session was similar to the session in Experiment 1, but without the sorting task. Dyads were given the pieces to a pair of models (either the spaceships or the vehicles, but not the car). First, they were asked to name all of the pieces. There were 64 different pieces in the vehicles set, and 58 different pieces in the spaceships set. After they finished naming the pieces, they were randomly assigned roles for the building task, and the director was given the assembly instructions for the first model. The director was instructed to tell the model builder how to build the model. As before, only the director could see the instructions, and only the model builder could handle the pieces. The dyad built the first model, and then the session ended.
The second session was held between two and five days after the first session. In this session, the dyad was given the pieces to the two initial models, plus the pieces to the car. The director and model builder retained the same roles across both sessions. The dyad then built the second model from the first session, which involved pieces they had seen during the naming task. After completing this model, the dyad built the car, which included some unfamiliar pieces that had not been present during the naming task. After building the car, each member of the dyad was taken individually to another room and was asked to sort the pieces from the car. The sorting task used the same procedure described for Experiment 1.
Design
The main between-subjects factor in this study was stimulus set (vehicles and spaceships). Dyads were randomly assigned to stimulus sets with the restriction that the same number of dyads of each gender built each set of models.
Results
Sorting Task
All dyads sorted the 30 pieces from the third model after completing the building task in the second session. As before, we performed the same two types of analyses of the sorting data that we did in Experiment 1. First, we examine a multidimensional scaling solution for the sorting matrices of the 40 participants in this study. Second, we determine the similarity of the sorts of people who built the same three models, both within and across dyads, as well as the sorts of people who communicated with others and also built different models (i.e., across dyads and across conditions).
For the MDS analysis, the 40 lower diagonal matrices obtained from the sorting tasks were added together, and a three-dimensional solution was obtained. As before, we used Euclidean distance, and the axes were rotated to account for maximum variance. The stress of this solution was .049, with an R 2 of .98. The coordinates for this solution are presented in Appendix B. As before, the pieces were given ratings on a 1-5 scale for color, as well as for size, regularity of shape, and whether it was a body part. These ratings were correlated against the coordinates on the three dimensions of the MDS solution to help interpret these dimensions. Only correlations greater than ---0.50 are discussed here. The results of this analysis are similar to those obtained for Experiment 1. The first dimension had a strong positive correlation with body parts (r = .86) and also with red pieces (many of which were body parts, r = .57) and a strong negative correlation with regular rectangular pieces (r = -.54). The second dimension correlated positively with regular rectangular pieces (r = .53) and green pieces (r = .60) and negatively with black pieces (r = -.63). Finally, the third dimension correlated positively with white pieces (r = .81) and negatively with gray pieces (r = -.70). The size rating did not correlate strongly with any of the dimensions. These data suggest, once again, that people's sorts were most strongly influenced by shape and color and less strongly influenced by size.
As in Experiment 1, we examined the consistency of sorts between individuals by computing the ratio of the number of pairs of pieces sorted together by both members of a dyad to the number of pieces sorted together by at least one member of a dyad. For this analysis, the sorts were compared in three ways. First, the sorts of model builders and directors who communicated with each other were compared. The mean proportion of agreement for these pairs was 0.43. This value was nonsignficantly higher than the mean proportion of agreement for directors arbitrarily paired with model builders who built the same set of three models (M = 0.35), t(38) = 1.02, p >. 10 (one-tailed). In contrast, the proportion of agreement for model builders and directors who communicated together was significantly larger than the proportion of agreement for directors arbitrarily paired with model builders who built a different pair of initial models (M = 0.30), t(38) = 2.04, p < .05 (one-tailed). This latter finding is consistent with the sorting task results in Experiment 1, where model builders and directors who did not communicate together and built different models had a lower degree of agreement than did model builders and directors who built the same model. However, this finding extends that of Experiment 1, because all dyads in the present experiment communicated while building the car, whose pieces made up this sorting task. Thus, the higher level of agreement between dyads that built the same initial models than for dyads that built different initial models reflects the influence of the earlier communication and building experience.
Naming Task
For the analyses of the naming and building tasks, we dropped the data from one of the dyads, because the participants switched roles as model builder and director between sessions. Thus, for the naming and building tasks, we only examined the data from 19 dyads. As in Experiment 1, we analyzed the data from the naming task to see whether people used similar labels for similar pieces and whether they were more likely to use modifiers for labels that referred to many pieces than for labels that referred to few pieces. This pattern of data would further support the claim that communication focuses people on the commonalities and differences of similar objects.
First, we examined the mean number of objects referred to by each base label for the 19 dyads in this experiment. On average, each base label referred to 1.72 pieces, a value significantly greater than 1, t(18) = 15.65, SE = .05, p < .001. This value is similar to the one obtained in Experiment 1 for a different set of objects.
Once again, a comprehensive analysis of the types of base labels used in the naming task was done. This analysis, shown in Table 4 , presents the number of pieces that each dyad referred to using base labels that were shape-based, metaphoric extensions, function-based, size-based, colorbased, or generic. As in Experiment 1, the most frequently used types of base labels referred to the shape of the piece, either directly (M = 10.42) or through a metaphoric extension (M = 15.37). Once again, function base labels were also common, referring on average to 19.47 pieces. Size-based, color-based, and generic labels were also used but much less frequently than labels referring to the shape and function of the pieces.
As in Experiment 1, the types of labels differed in the number of pieces they referred to on average. Of the three most frequent types of base labels, each shape base label referred to more pieces on average (M = 2.46) than either metaphoric extension (M = 1.45) or function base labels (M = 1.60), F(2, 36) = 11.80, MSE = .48,p < .001. Paired t tests indicate that this difference between the mean number of base labels and the mean number of both metaphoric extension and function base labels is reliable, t(18) = 3.86, and t(18) = 3.10, respectively, p < .05 (Bonferroni). Finally, the 16 dyads that used generic labels used them to refer to 2.98 pieces, on average. These results are consistent with Experiment 1, in which the dyads also used shape and generic labels to refer to more pieces, on average, than metaphoric extensions and function labels.
In Experiment 2, dyads also used more modifiers for base labels that referred to many pieces than for base labels that referred to few pieces. Table 5 shows the mean number of modifiers used by dyads for each type of base label. As in Experiment 1, for the three most frequent types of base labels, more modifiers were used for shape base labels (M = 3.35) than for either metaphoric extension (M = 1.00) or for function base labels (M = 0.94), F(2, 36) = 21.61, MSE = 1.66, p < .001. Paired t tests reveal that the difference between the mean number of modifiers used for shape base labels was significantly higher than those for either metaphoric extension or function base labels, t(18) = 4.99, and t(18) = 4.60, respectively, p < .005 (Bonferroni). Further, for the 16 dyads that used generic terms, a mean of 4.97 modifiers were used for each base label. This value is larger than the mean number of modifiers used for shape-based 9  13  12  20  9  3  5  1  10  6  11  15  11  1  4  0  11  21  21  17  1  3  0  1  12  11  17  21  0  0  9  2  13  11  13  18  10  0  0  1  14  22  23  17  0  0  1  1  15  2  5  23  0  0  22  0  16  1  21  23  0  0  12  0  17  9  7  22  5  0  12  1  18  13  29 labels. Taken together, these findings provide further support for the hypothesis that the communication task focuses people on the commonalities of similar objects as well as on the differences among objects given the same label.
Finally, a content analysis of the modifiers reveals that dyads typically used the same types of modifiers as those used in Experiment 1. The most frequently used types of modifiers were color (M = 24.42/dyad), size (M = 17.74/ dyad), shape (M = 3.68/dyad), and appendages (M = 2.37/dyad). As before, the color, size and shape modifiers tended to be used as dimensional terms, whereas the appendages were most frequently described by phrasal modifiers.
Building Task
As in Experiment 1, the dyads were able to build the models successfully. They generally employed the labels developed in the naming task in the building task. Further, they had little difficulty establishing communication after a delay of at least two days. All of these aspects of the building task suggest that dyads were not simply generating labels to be used in a short-term discourse setting, but rather were developing more stable representations of the pieces and labels that could be used over a longer time period. At a minimum, the discourse history was preserved over the course of the two sessions.
In this section, we focus on analyses that address the relationship between referring expressions for pieces in the first two models, which had been preceded by the naming task, and referring expressions for the pieces in the third model, most of which were new and not a part of the first two models. The third model was a car that had 30 distinct types of pieces. Of these pieces, 9 were regular X x X pieces that were either white, green, or red. In addition, there were 5 pieces needed to construct the driver of the car (a head, body, legs, helmet, and visor). The remaining 16 pieces were more complex than simple X X X arrays. Of these pieces, four were similar to pieces in the first two models built by dyads in both conditions, and four had no similar pieces in the first two models in either condition. Finally, eight of the pieces were similar to pieces in the first two models of dyads who built vehicles, but not in the first two models of dyads who built spaceships. Overall, there were 18 pieces from the third model that were similar to those in the first two models for both the vehicles and spaceships groups (i.e., 9 regular X x X arrays, 5 parts of people, and 4 complex pieces). The remaining 12 pieces were new for at least one of the groups of dyads. The question of interest was whether the dyads in each condition would be able to extend their existing labels from the first two models to accommodate the new pieces, particularly the new pieces that were similar to the old ones.
The dyads often commented on the unfamiliar, new pieces at the beginning of the second session, when the pieces were placed on the table, but they generally seemed unfazed by the presence of new pieces when building the third model. Indeed, during the building task, there is only one case of a dyad explicitly discussing the fact that a piece in the third model was one that had not appeared in the naming task.
Oyad 20 D: And now, there's a piece that I don't know if we named. It had MB: We probably didn't because D: We would call it [pause] let's call it, it's like a red 4-strip with a post at either end.
Interestingly, even in this case, the director continued by using elements from existing labels to describe the new piece. The piece was quickly recognized with this label, and the dyad went on to construct the model with no further discussions of whether other pieces had previously been named.
In order to examine whether dyads could effectively extend existing labels to similar pieces, we make use of a typical finding in studies of referential communication that referring expressions get shorter as an object is named more times (Clark & Wilkes-Gibbs, 1986; Krauss & Weinheimer, 1964) . In these previous studies, pairs were asked to establish reference to the same sets of items many times. In the present studies, the first attempt to establish reference generally involved the most words (and often the most conversational turns). Later attempts to establish reference involved fewer words (and fewer tunas) as the dyad established a stereotyped way to talk about the object. In the present studies, we expect the referring expressions for pieces that are similar to ones previously seen to be shorter than referring expressions for pieces that are novel. This pattern of data would provide evidence that dyads were making use of their previous discourse history to establish reference to new pieces.
For this analysis, the first successful referring expression for each of the 30 pieces in the third model was found for each dyad. The number of words in the referring expression was used as a measure of length. Most often, the expression was stated by the director in a dyad. However, in a few cases, the director and model builder each made contributions to this referring expression, and in these cases, the words spoken by both members of the dyad were counted. There were some cases where a piece in the third model was not explicitly referenced. These situations arose either because the director did not see the piece in the model, the model builder accidentally found the piece without it having to be referenced by the director, or because the model builder figured out how to construct a part of a model without having to receive instructions from the director. These cases were not included in the analyses described in this section.
We begin with a clarification of the nature of the stimulus set. Some of the pieces in the third model were actually identical to pieces in the first two models that had been named in the first session. More specifically, 7 pieces were identical to pieces seen by dyads in one condition but only similar to pieces seen by dyads in the other condition; 5 of these occurred in the vehicles condition and 2 of them occurred in the spaceships condition. For these pieces, the mean length of the referring expressions for the dyads that had already seen an identical piece (M = 3.58 words) was about the same as the referring expressions for dyads that had only seen a similar piece (M = 3.83 words). There were four other pieces in the third model that were identical to ones seen before for by one set of dyads. We include these identical pieces, as well as pieces that were merely similar, in the remaining analyses. Removing them would not substantially affect the pattern of results that we describe.
One straightforward prediction is that pieces that were similar to ones seen while building previous models will have shorter referring expressions, on average, than pieces that were not similar to ones seen previously. As described above, there were 18 pieces in the third model that were similar to ones seen in previous models by all dyads. On average, the referring expressions for these pieces were 3.86 words long. In contrast, the mean length of referring expressions for the remaining 12 unfamiliar pieces was 6.51 words. This difference is significant, t(28) = 3.27, p < .01 (one-tailed). This analysis is consistent with the idea that it is easier to establish reference to pieces that are similar to ones previously talked about than to novel pieces.
There are two potential problems with this comparison. First, it is at too gross a level of analysis. Of the 12 pieces included in the set of unfamiliar pieces, only 4 of them were new to both sets of dyads; the other 8 were similar to pieces in the vehicles condition, but not the spaceships condition. Second, the nine X x X pieces, which were part of the familiar set of pieces, may have been particularly easy for dyads to name. Thus, these results could be a function of our including more complex pieces in the set of new pieces than in the set of familiar pieces for this analysis.
To address these difficulties in interpretation, two additional analyses of the length of referring expression were done. First, to control for piece complexity, the length of the referring expressions for four complex pieces that were similar to previous pieces was compared to the length of referring expressions for four complex pieces that were new to all dyads. As expected, the referring expressions for "old" pieces were significantly shorter (M = 4.23 words) than the referring expressions for "new" pieces (M = 10.87 words), t(6) = 5.47, p < .01 (one-tailed). Second, we examined the length of the referring expressions for the 8 pieces that were old for the dyads that built vehicles and new for the dyads that built spaceships. On average, the referring expressions for these pieces were significantly shorter for vehicles dyads (M = 3.17 words) than for spaceships dyads (M = 7.02 words), t(7) = 2.66, p < .05 (one tailed). This analysis is a bit misleading, however, in that it may understate the effect. Four of the pieces in this set had a simple name that could be applied easily, even by dyads that had not previously seen the piece before. Two of these pieces were wheels, which all dyads called either wheels or tires, regardless of whether they had used wheels in previous models. Another of these pieces was a simple cone-shaped piece that was often called a cone by both groups of dyads; this piece had a mean length of referring expression of 3.17 words. The fourth piece was a spoiler with the word Octan 6 written on it. Because this was the only piece with writing on it, all of the dyads either called it a sign (4 dyads), an Octan (5 dyads) or an Octan sign (10 dyads). Excluding these four easy-to-name pieces from the analysis, the remaining four pieces, which did not have an obvious salient property that could be used to establish reference, were given much shorter referring expressions by the vehicles dyads (M --4.00 words), who had seen similar pieces, than by the spaceships dyads (M = 11.37), t(3) = 6.65, p < .01 (one-tailed).
6 The Octan logo is a trademark of the LEGO Group (Enfield, Connecticut) and is used here with special permission.
As a converging measure to support these findings, a second analysis was performed. Brennan and Clark (1996) suggested that when a dyad is considering a label for an item but has not yet adopted that label, they are likely to use hedges in their referring expressions, like kind of, sort of, and I guess, to mark that the label is tentative. We did two counts of the hedges used in the referring expressions for pieces in the third model. First, we counted the number of hedges used in referring expressions for the "old" complex pieces and "new" complex pieces described above. As expected, fewer total hedges were used in the referring expressions for the old complex pieces (3) than for the new complex pieces (14). We also looked at the number of hedges used to describe the pieces in the third model that were only similar to pieces in the first two models of the vehicles condition. Again supporting the word count analysis, no hedges were used to describe these pieces by dyads who built vehicles first, but a total of 15 hedges were used to describe these pieces by dyads who built spaceships first.
In general, we have tried to do quantitative analyses of the naming and building tasks in order to demonstrate the constraints that communication can place on categories acquired in the process of communicating. These analyses, however, do not do justice to the collaborative nature of communication. Clark (1996) characterized communication as a joint action in which all participants play an active role, much like dancing or shaking hands, which require the coordinated action of a pair of people to be successful. Our studies also show evidence of this joint activity. Despite the artificiality introduced by having one member of a dyad take the role of director and the other take the role of model builder, both members of a dyad actively sought to establish reference to pieces. In the course of this process, both members were forced to produce labels and also to receive them. The following are a few exchanges that are typical of the kinds of communicative interactions that emerged in this task: It is not surprising that the director fluently produces piece labels, because in the division of labor set up by this task, the director must determine the next piece to be selected. However, in the process of establishing reference and correcting errors, both parties must make use of established labels. Thus, the model builder also actively uses the labels for the pieces. At times, the director may have forgotten a previously established label, and the model builder may even come to the rescue, as in the following exchanges: There's two white strips that go on top of the red strips, and they run the whole length of the red strips. MB: The whole length? D: Yeah. They should be the same length as the red strips. MB: Oh, then they're 8-strips. D: Yeah, you're right, they're 8 strips. Good call.
In the first example, the model builder helps repair a gap in the director's knowledge. In the second exchange, the model builder helps to compensate for an initial referring expression that was not quite specific enough. These examples are typical of the exchanges between model builder and director throughout the course of the building task.
Discussion
Experiment 2 replicates and extends the basic findings of Experiment 1. First, the MDS analysis of the sorting data indicates that shape and color were important determinants of the way people sorted the pieces, and these factors were also important to the labels developed in the naming task and used in the building task. Second, these data suggest that communicating about and building the same set of models prior to building the car led to a higher degree of agreement in sorting between people than did communicating about and building a different set of models prior to building the car. Experiment 2 also replicated the finding that dyads often used the same base label to refer to more than one object and that modifiers were more likely to be used in referring expressions describing pieces with base labels that applied to many objects than with base labels that applied to few objects. This finding supports the hypothesis that communication focuses people on commonalities of similar items, as well as on the differences among related items.
The data from the building task are important for making the case that the labels developed in this communication task can have an influence on concept representations. It is possible that people develop labels that are used locally in a particular discourse setting and then discarded. Under this hypothesis, the labels would reflect only a local pact made between the director and the model builder for the purposes of carrying out a communication task (see Brennan & Clark, 1996 , for a discussion of pacts in communication). However, the data from the building task in Experiment 2 indicate that dyads were able to use their labels fluently over the course of the two sessions, and that they were able to extend the labels used for one set of pieces to a new set of pieces that varied in similarity to the ones previously seen. Thus, the labels were productive. Clearly, this productivity has its limits. For example, a member of a dyad probably would not use the labels developed in this task with a new partner without evidence that the partner also shared these labels.
The ability to accommodate new pieces with existing labels in this referential communication task parallels the process of categorization, in which new category members can be incorporated into existing categories. Consistent with this hypothesis, dyads had significantly more difficulty establishing reference to new pieces that were dissimilar to those previously seen than establishing reference to pieces that were similar to those already seen. This finding indicates that these novel pieces were incongruent with the communicative pacts that were the basis of the referring expressions developed by the dyad. This difficulty in establishing reference to unfamiliar pieces was evident both in the number of words in the initial referring expression and in the number of hedges during the building of the third model.
General Discussion
An Overview of the Present Studies
The objective of these studies was to extend research on referential communication into the domain of category acquisition by addressing three issues motivated by previous work on referential communication. First, we wanted to know whether communication promotes consistency in the categories formed between individuals. Second, we wanted to assess whether establishing joint reference in an environment that had many similar objects would involve attention to commonalities and differences related to the commonalities. Finally, we wanted to explore people's ability to extend the use of referring expressions established for one set of items to new items.
The sorting data make clear that communication in this experimental context involved organizing information about the pieces that was already salient, rather than elevating the salience of information. In Experiment 1, the sorting data from people who did not communicate or build reflected the shape and color of the pieces, as did the sorting data from people who did participate in these tasks. Thus, the labels used information that was also considered salient by people who did not participate in the building and communication tasks (Clark, 1996; Fussell & Krauss, 1992) .
Nonetheless, communication did promote consistency between individuals. In Experiment 1, people who built the models without communicating had low agreement between their sorts. In contrast, a higher level of agreement was observed between people who communicated together while building the models. Finally, direct comparisons of the sorts of people who both communicated and built to the sorts of people who just built yielded low agreement. These data suggest that the act of establishing joint reference promotes consistency in people's category structures (see also Garrod & Doherty, 1994) . Experiment 2 further supported the idea that shared experience in a communication task promotes consistency in sorting. In this second study, all participants built the car model that contained the pieces they later sorted, but dyads differed in the models that they built and communicated about prior to building the car. People who first built vehicles sorted the pieces of the last car differently than did those who first built spaceships, leading to a low level of agreement between people in these two groups. Thus, communication is also a force that helps standardize categories between individuals. We expand on this point in the next section.
These two studies also provide clear evidence that communication encourages a focus on commonalities of pieces. Dyads often used the same base label to refer to more than one object. Further, fewer base labels were used for clusters of similar pieces than for clusters of dissimilar pieces. Commonalities in shape were the most frequent basis of the base labels given to pieces. Even function base labels typically referred to collections of pieces that had both a common function and similarities in shape. The importance of shape was also reflected in MDS analyses of the sorting data, in which the first dimension was correlated with the shape of the pieces in both studies. Differences related to the commonalities are also important to communication. In both studies, dyads used modifiers to establish reference to unique individuals that were given the same label. Modifiers were used more often for base labels that referred to many pieces than for base labels that referred to few pieces.
The simultaneous attention to commonalities and differences is consistent with research involving comparisons of people's existing categories (Gentner & Markman, 1994 , 1997 A. B. Markman & Gentuer, 1993 A. B. Markman & Wisniewski, 1997) . This work suggests that commonalities between items are a strong predictor of people's judgments of similarity. Further, differences related to the commonalities (i.e., alignable differences) are more central to people's judgments of similarity than are differences unrelated to the commonalities (i.e., nonalignable differences). The data from the present studies suggest that categories developed through communication might be expected to have a structure that eases the detection of commonalities and alignable differences.
The data from Experiment 2 demonstrate that the labels developed in the naming task were not discarded once the local discourse context was removed. Dyads were able to maintain the labels for the pieces over the delay between sessions, which ranged from two to five days. Further, new pieces were added in the second session that were not used in either the naming or building tasks in the first session. Dyads were readily able to assimilate these pieces into the naming schemes they developed. The dyads were significantly more efficient at establishing reference to pieces that resembled pieces they saw previously than they were at establishing reference to pieces that were novel. These findings are extremely important for building the argument that communication influences category acquisition. The labels were not just a part of the local discourse context, thus making them good candidates for affecting long-term category representations. Further, it was straightforward for the dyads to extend existing labels to new objects, which is consistent with the ease with which people recognize new instances as members of existing categories. The communicative pacts made by participants were probably limited in scope to the specific dyads. In this task, people were developing a vocabulary for talking to their partner. In more general category learning situations, people believe that they are learning labels that are shared by other members of their communicative group. Further research should examine this situation.
Finally, these studies emphasize that communication is an active task. Both members of each dyad contributed to establishing reference. Although the director was charged with directing the construction of the model, and therefore initiated most of the referring expressions, the model builder played an active role in many ways. Sometimes the model builder made an explicit contribution, such as offering a base label that the director had forgotten or asking for clarification of a label. However, the model builder also had a variety of methods of back-channel communication that provided the director with feedback about whether the information being provided was useful. Sometimes, the model builder would simply select the correct piece as the director was talking. Other times, the model builder would give an acknowledging response (e.g., "uh-huh") to an utterance. In these ways, the model builder was able to keep the director apprised of the success in establishing reference. These findings are similar to those of Schober and Clark (1989) , who showed that speakers and their intended addressees achieve a higher degree of shared reference than do speakers and overhearers, because the intended addressees have avenues of back-channel communication to provide information about the success of the communicative effort.
Communication More Broadly
Communication exerts a powerful influence that coordinates the conceptual systems of different individuals, given that there are many possible ways that people could organize their own concepts. In the present studies, the base labels (if taken as category labels) reflected the shape, function, and sometimes the size of the objects. Further, we presented examples of cases where the same piece was given labels reflecting different aspects of the piece by different groups. This flexibility is evident in studies of people's performance in standard classification tasks, which have demonstrated that people use a variety of strategies to learn to distinguish between members of different classes. For example, Nosofsky et al. (1994) suggested that people in classification tasks operate by forming simple rules and then storing the exceptions to those rules specially. In providing detailed quantitative fits to data from classification studies, they obtained evidence that different people used different rules. In contrast, the communicative setting does not allow for different people to have radically different concepts, thereby constraining the flexibility of the cognitive system (see also Garrod & Doherty, 1994) .
In addition to promoting consistency of categories between individuals, and providing a focus on commonalities and differences of similar objects, there are other ways that communication might affect category acquisition. For example, research has identified ways that language influences memory in general, which in turn can affect category acquisition. In one early study, people were shown both figures that were somewhat ambiguous and labels that could be associated with the figures (Carmichael, Hogan, & Walter, 1932) . People viewed the figures and then later were asked to reproduce them. Their reproductions tended to alter the original by making it more consistent with the label given to the figure (see Higgins, 1981 , for a similar study). Wilkes-Gibbs and Kim (1991) have data suggesting that names established during a referential communication task can lead to a similar resolution of ambiguous figures.
Related to this research is the phenomenon of verbal overshadowing, in which describing a perceptual stimulus such as a face leads to worse recognition of that face than would be observed if the face had not been described (Fallshore & Schooler, 1995; Schooler & Engstler-Schooler, 1990 ). These findings suggest that the labels used in a communication task might actually lead to systematic distortions in memory. Future communication research should examine these potential distortions by comparing the use of category labels that are shared with existing categories, as the dyads tended to do in the present studies, to the use of novel category labels, which are commonly used in studies of lexical learning in developmental psychology (e.g., Imai, Gentner, & Uchida, 1994; Landau et al., 1988; E. M. Markman, 1989; Waxman & Markow, 1995) .
In the present experiments, as in most psychological studies of categorization, the participants did not know the categories in advance. Over the course of the study, dyads had to find some way of structuring the information to facilitate their performance in the building task. In many natural situations, however, not all of the participants in a communicative setting are naive. For example, Hutchins (1995) performed a detailed study of the navigation teams on naval vessels. He found that much of the practical training that new members of the team received involved their being given menial tasks in which they were asked to participate in a small way in navigating the vessel and were also able to hear the collaboration between other more skilled members of the group. In this way, the relevant concepts and skills were acquired by gradual assimilation of new members into a thriving culture, rather than by a process of group discovery (see also Bruner, 1990; Rogoff, 1990; Vygotsky, 1986) . A communicative approach to category acquisition can naturally be extended to address the role of category acquisition in a social setting in which some people already know the categories (see Isaacs & Clark, 1987) .
We are hardly the first to raise these issues regarding communication and categories. In addition to cognitive anthropological studies like Hutchins' work (see also Medin, Lynch, Coley, & Atran, 1997) , there is a long history of discussion of the role of communication in category acquisition. What we hope to have added to this discussion is a way to bring these ideas into the lab to be studied. Cognitive psychology is driven by experimental techniques that allow us to take elements of the world and to control them. The cognitive psychology of categorization has been dominated by studies that focus on a narrow range of classification tasks, including supervised inductive category learning, unsupervised learning, and free sorting. These tasks are not used because researchers believe that classification is the only function of categories in the world; they are used because they have been the best available laboratory analogs to category acquisition.
Referential communication tasks, which have been used successfully to study communication, may be profitably applied to study categorization. Indeed, people may approach referential communication tasks differently than they approach other tasks like classification, thus providing further insight into categorization processes. For example, in the present studies, where people had to establish reference to unique objects in the context of many similar objects, referential communication focused people on commonalities and differences of similar objects. In contrast, in classification studies, where people have to group novel items (as in typical studies of category acquisition), people often focus on diagnostic properties that distinguish between the categories (Ahn & Medin, 1992; Nosofsky et al., 1994) . Thus, referential communication tasks should be viewed as an addition to the arsenal of techniques for studying categorization, rather than as a replacement for other tasks. This proposal is in the spirit of other recent work examining the influence of category use on category acquisition (e.g., A. B. Markman, Yamauchi, & Makin, 1997; Ross, 1996 Ross, , 1997 . In this way, formal models of category acquisition, which are now based largely on studies of classification, can be extended to account for other functions of categories and other routes to category learning. 
